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(57)Abstract: 

PROBLEM TO BE SOLVED: To restrain the rate of 
increase in the pressure inside a cylinder and 
expanding of a compression autoignition combustion 
region toward the higher loaded side, by delaying the 
ignition time period at compression autoignition 
combustion time. 

SOLUTION: A first cavity 41 is formed at the center of*** 
the upper surface of a piston, a second annular 
shape cavity 42 is formed in the periphery of the first 
one, and a fuel injection valve 10 is so situated in the 
center of a cylinder head 5, that the cylinder axis 
coincides with the injection direction. With two fuel 
injections along with one one prior to the latter half of 
the compression travel to near the top dead center 

vicinity, and with the other is before it, an enriched gas 17 is located in the first cavity 41, 
and a lean mixture 18 is arranged in the second cavity 42. The enriched mixture 17 is 
made to ignite by spark ignition, after the top dead center, and by with the heat caused by 
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the ignition the lean mixture 18 to is led to ignite automatically under compression. 
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* NOTICES * 

JPO and NCXPI are not: responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The direct injection internal combustion engine in a cylinder characterized by constituting 
so that thin gaseous mixture may be allotted so that the surroundings of this enriched mixture may be 
surrounded, and said thin gaseous mixture may be made to result in compressed self-ignition 
combustion by combustion of said enriched mixture [ near the top dead center ] while allotting an 
enriched mixture in the center of abbreviation in a cylinder. 

[Claim 2] The direct injection internal combustion engine in a cylinder characterized by forming the 
2nd annular cavity in the perimeter of this 1st cavity while it has the fuel injection valve which 
injects a fuel towards abbreviation cylinder shaft orientations near the center of the cylinder head and 
forming the 1 st cavity focusing on the abbreviation for a piston crestal plane. 
[Claim 3] The direct injection internal combustion engine in a cylinder according to claim 2 
characterized by constituting so that an enriched mixture may be allotted to said 1st cavity and thin 
gaseous mixture may be allotted to said 2nd cavity [ near the top dead center ]. 
[Claim 4] The direct injection internal combustion engine in a cylinder according to claim 3 which is 
the gaseous mixture to which the enriched mixture allotted to said 1 st cavity results in compressed 
self-ignition [ near the top dead center ], and is characterized by making the thin gaseous mixture 
allotted to said 2nd cavity result in compressed self-ignition combustion by the compressed self- 
ignition of this enriched mixture. 

[Claim 5] The direct injection internal combustion engine in a cylinder according to claim 3 
characterized by making the thin gaseous mixture allotted to said 2nd cavity by lighting the enriched 
mixture allotted to said 1 st cavity by jump spark ignition of an ignition plug result in compressed 
self-ignition combustion. 

[Claim 6] The direct injection internal combustion engine in a cylinder of any one publication of 
claim 3-5 characterized by allotting an enriched mixture to said 1st cavity and allotting thin gaseous 
mixture to said 2nd cavity [ near the top dead center ] by injecting a fuel in a compression stroke by 
said fuel injection valve. 

[Claim 7] The direct injection internal combustion engine in a cylinder of any one publication of 
claim 3-5 characterized by allotting an enriched mixture to said 1st cavity and allotting thin gaseous 
mixture to said 2nd cavity [ in the same cycle ] by making a fuel inject in at least 2 steps of ftiel 
injection [ / near the top dead center ], and the fuel injection before this fuel injection timing from the 
second half of a compression stroke. 

[Claim 8] Said fuel injection valve is a fuel injection valve which can switch an angle of spray, and it 

sets in the same cycle. By dividing into the fuel injection which makes the fuel arranged on said 1st 

cavity by******** inject, and the fuel injection which makes the fuel arranged on said 2nd cavity 

with an extensive angle of spray inject, and making a fuel inject The direct injection internal 

combustion engine in a cylinder of any one publication of claim 3-5 characterized by allotting an 

enriched mixture to said 1 st cavity and allotting thin gaseous mixture to said 2nd cavity. 

[Claim 9] The direct injection internal combustion engine in a cylinder of any one publication of 

claim 1-8 characterized by strengthening swirl flow to a flow by the inhalation of air in a cylinder by 

having two suction ports and making one [ at least ] suction port into a helical port. 

[Claim 10] The direct injection internal combustion engine in a cylinder of any one publication of 

claim 1 -8 characterized by strengthening swirl flow to a flow by the inhalation of air in a cylinder by 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 9/29/2006 



JP,2002- 188447, A [CLAIMS] Page 2 of 2 

the rectification valve which was equipped with two suction ports and prepared in one [ at least ] 
suction port. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the engine which makes compressed self-ignition 
combustion perform especially using a fuel with the low cetane number like a gasoline about the 
direct injection internal combustion engine in a cylinder. 
[0002] 

[Description of the Prior Art] Conventionally, there were some which are indicated by JP,10- 
196424,A as an internal combustion engine which performs compressed self-ignition combustion, 
applying compression by said control piston further to the gaseous mixture which this thing was 
equipped with the control piston as an auxiliary compression means apart from the piston in a 
cylinder, and was compressed even into the elevated temperature in front of self-ignition — it is — the 
above — it has composition to which self-ignition of the gaseous mixture is carried out all at once. 
[0003] Moreover, the engine constituted so that jump spark ignition by the ignition plug might cause 
self-ignition is indicated by JP,1 1-2 1053 9, A. the gas temperature in the cylinder in the compression 
stroke last stage lights this thing — gaseous mixture — he is trying to maintain the gas temperature in 
the cylinder in the compression stroke last stage to the above-mentioned target temperature by 
judging whether it is the target temperature which causes the whole self-ignition, and controlling the 
valve-opening stage of an inlet valve based on this decision 
[0004] 

[Problem(s) to be Solved by the Invention] by the way, unlike combustion by flame propagation, 
compressed self-ignition combustion has the advantage that a local combustion temperature is low 
and NOx occurs only in ultralow volume — on the other hand, homogeneous gaseous mixture — at a 
place, in order that the whole region in a cylinder may light all at once, when gaseous mixture is 
made deep with a rise of a load, there is a problem that the rate of a pressure buildup in a cylinder 
becomes large too much, and vibration and the noise become large. 

[0005] Therefore, in order to expand the load field to which compressed self-ignition combustion 
operation is made to perform to a heavy load side, it is necessary to set up an ignition stage near a 
top dead center or after it, and to control the rate of a pressure buildup in a cylinder by making the 
period after a top dead center produce a great portion of combustion. However, when an ignition 
stage is delayed near a top dead center or after it, in order that early combustion may progress with 
descent of a piston, combustion tends to become unstable, in order to expand the load field to which 
compressed self-ignition combustion operation is made to perform to a heavy load side, the stage of 
ignition is delayed, and the stable flammability needs to be made to be obtained. 
[0006] gaseous mixture homogeneous on the other hand — at a place, if the assistance by ignition 
plug which is indicated by JP,1 1-210539,A is applied, the ignition stage of compressed self-ignition 
combustion can be stabilized. However, by the above-mentioned approach, though compressed self- 
ignition combustion occurs near a top dead center or after it, an ignition stage cannot be delayed and 
effectiveness is not demonstrated for expansion by the side of the heavy load of a compressed self- 
ignition combustion zone. 

[0007] Moreover, in compressed self-ignition combustion, an enriched-mixture place is formed 
locally and self-ignition or the approach of carrying out spark ignition and carrying out compressed 
self-ignition of the surrounding fuel by combustion from an enriched-mixture place is indicated by 
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JP,1 1-210539,A from there. However, a fuel is injected towards a piston crestal plane from the 
peripheral wall of the side by which the inlet valve of a combustion chamber is arranged so that it 
may be indicated by JP,1 1-210539,A. With the configuration which raises the fuel spray along with 
the wall surface prepared in the piston crestal plane, and is brought together in the circumference of 
an ignition plug In order for stopping an enriched mixture in a fixed location to supply adequately 
the ignition PURAGUHE enriched mixture which it was difficult and was allotted focusing on the 
cylinder head Since many enriched mixtures exist even if it is necessary to inject many fuels and is 
able to delay an ignition stage near a top dead center or after it, it is difficult to lower the rate of a 
pressure buildup. 

[0008] this invention being made in view of the above-mentioned trouble, and carrying out 
compressed self-ignition of the surrounding fuel by combustion from an enriched-mixture place — 
certain — the rate of a pressure buildup — it can control — with --**** — it aims at offering the direct 
injection internal combustion engine in a cylinder which becomes possible [ expanding a compressed 
self-ignition combustion zone to a heavy load side ]. 
[0009] 

[Means for Solving the Problem] Therefore, [ near the top dead center ], thin gaseous mixture was 
allotted so that the surroundings of this enriched mixture might be surrounded, and while allotting 
the enriched mixture in the center of abbreviation in a cylinder, it constituted from invention 
according to claim 1 so that said thin gaseous mixture might be made to result in compressed self- 
ignition combustion by combustion of said enriched mixture. 

[0010] If thin gaseous mixture is annularly allotted so that this enriched mixture may be surrounded 
and a central enriched mixture burns by jump spark ignition or compressed self-ignition while an 
enriched mixture is allotted in the center of a cylinder [ near the top dead center ] according to this 
configuration, surrounding thin gaseous mixture will carry out self-ignition by that generation of 
heat. In invention according to claim 2, while it had the fiiel injection valve which injects a fuel 
towards abbreviation cylinder shaft orientations near the center of the cylinder head and forming the 
1st cavity focusing on the abbreviation for a piston crestal plane, it considered as the configuration 
which forms the 2nd annular cavity in the perimeter of this 1st cavity. 

[001 1] According to this configuration, by the 1st cavity formed focusing on the abbreviation for a 
piston crestal plane, and the 2nd annular cavity of the perimeter While the forming space of gaseous 
mixture is divided into a cylinder core and its perimeter, a fuel injection valve is injecting a fuel 
towards the abbreviation core of a piston crestal plane by setting a spraying shaft as cylinder shaft 
orientations, and becomes possible [ allotting the gaseous mixture of concentration (air-fuel ratio) 
which is different in the 1st cavity and the 2nd cavity ]. 

[0012] [ near the top dead center ], it constituted from invention according to claim 3 so that an 
enriched mixture might be allotted to said 1st cavity and thin gaseous mixture might be allotted to 
said 2nd cavity. According to this configuration, it is possible to make the thin gaseous mixture in 
the 2nd surrounding cavity result in compressed self-ignition combustion by combustion of the 
enriched mixture which an enriched mixture is allotted to the local field of the center of a cylinder 
restricted by the 1st cavity [ near the top dead center ], and thin gaseous mixture is annularly allotted 
in the 2nd cavity of the perimeter, and is allotted to the 1st cavity. 

[0013] In invention according to claim 4, it is the gaseous mixture to which the enriched mixture 
allotted to said 1st cavity results in compressed self-ignition [ near the top dead center ], and 
considered as the configuration in which the thin gaseous mixture allotted to said 2nd cavity is made 
to result in compressed self-ignition combustion by the compressed self-ignition of this enriched 
mixture. If the enriched mixture which was allotted to the 1 st cavity according to this configuration 
results in compressed self-ignition [ near the top dead center ], the thin gaseous mixture in the 2nd 
surrounding cavity will result in compressed self-ignition combustion by generation of heat by the 
combustion in this 1st cavity. 

[0014] In invention according to claim 5, it considered as the configuration in which the thin gaseous 
mixture allotted to said 2nd cavity is made to result in compressed self-ignition combustion by 
lighting the enriched mixture allotted to said 1st cavity by jump spark ignition of an ignition plug. If 
the enriched mixture which was allotted to the 1 st cavity according to this configuration is lit by 
jump spark ignition of an ignition plug, the thin gaseous mixture in the 2nd surrounding cavity will 
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result in compressed self-ignition combustion by generation of heat by the combustion in this 1st 
cavity. 

[0015] In invention according to claim 6, it considered as the configuration which allots an enriched 
mixture to said 1 st cavity and allots thin gaseous mixture to said 2nd cavity [ near the top dead 
center ] by injecting a fuel in a compression stroke by said fuel injection valve. According to this 
configuration, by injecting a fuel in a compression stroke, the fuel spray will collide with the 1st 
cavity, and an enriched mixture will collect at the 1st cavity, and thin gaseous mixture will be 
formed in the 2nd surrounding cavity of the diffusion from the 1 st cavity. 

[0016] In invention according to claim 7, it considered as the configuration which allots an enriched 
mixture to said 1st cavity and allots thin gaseous mixture to said 2nd cavity by making a fuel inject 
in at least 2 steps of fuel injection [ / near the top dead center ], and the fuel injection before this fuel 
injection timing from the second half of a compression stroke [ in the same cycle ]. While according 
to this configuration the fuel injected [ near the top dead center ] from the second half of a 
compression stroke stops in the 1st cavity and an enriched mixture is formed, the fuel injected in the 
stage before fuel injection timing [ / near the top dead center ] from this second half of a 
compression stroke forms thin gaseous mixture in the 2nd cavity by diffusion. 
[0017] It considered as the configuration which said fuel injection valve is a fuel injection valve 
which can switch an angle of spray, allots an enriched mixture to said 1st cavity by dividing into the 
fuel injection which makes the fuel arranged on said 1st cavity by ******** in the same cycle inject, 
and the fuel injection which makes the fuel arranged on said 2nd cavity with an extensive angle of 
spray inject, and making a fuel inject, and allots thin gaseous mixture to said 2nd cavity in invention 
according to claim 8. 

[0018] While according to this configuration supplying a fuel to the 1st cavity intensively and 
forming an enriched mixture by injecting a fuel by thin gaseous mixture is formed in the 

2nd cavity by injecting a fuel with an extensive angle of spray. In invention according to claim 9, it 
considered as the configuration which strengthens swirl flow to a flow by the inhalation of air in a 
cylinder by having two suction ports and making one [ at least ] suction port into a helical port. 
[0019] According to this configuration, the swirl flow in a cylinder (vortex), i.e., inhalation-of-air 
flow which encloses the enriched mixture in the 1st cavity, is strengthened by the helical port. In 
invention according to claim 10, it had two suction ports and considered as the configuration which 
strengthens swirl flow to a flow by the inhalation of air in a cylinder by the rectification valve 
prepared in one [ at least ] suction port. 

[0020] According to this configuration, inhalation-of-air flow which encloses the swirl flow in a 
cylinder (vortex), i.e., the enriched mixture in the 1st cavity, by the rectification valve (swirl control 
valve) is strengthened. 
[0021] 

[Effect of the Invention] By considering as the configuration which allots an enriched mixture in the 
center of a cylinder surrounded by thin gaseous mixture according to invention according to claim 1 
By it becoming easy to allot an enriched mixture stably to a local field, and making thin gaseous 
mixture result in compressed self-ignition combustion by combustion of an enriched mixture It 
becomes possible to produce a great portion of combustion near a top dead center or after it, this 
controls the rate of a pressure buildup by compressed self-ignition combustion, and it is effective in 
the ability to expand now a compressed self-ignition combustion zone to a heavy load side. 
[0022] allotting stably the gaseous mixture of concentration (air-fuel ratio) which is different in the 
1st cavity and the 2nd cavity according to invention according to claim 2 — possible — central 
gaseous mixture — the annular gaseous mixture surrounding a place and it — it is effective in 
stratification-ization of gaseous mixture which consists of a place being stably realizable. When 
according to invention according to claim 3 stratification-ization of the gaseous mixture by which the 
perimeter of an enriched mixture is surrounded by thin gaseous mixture can be performed stably and 
it makes thin gaseous mixture result in compressed self-ignition combustion by combustion of an 
enriched mixture, it is effective in becoming possible to generate a great portion of combustion near 
a top dead center or after it by making generation of heat by combustion of an enriched mixture into 
necessary minimum. 

[0023] Since the thin gaseous mixture allotted to the 2nd surrounding cavity by compressed self- 
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ignition combustion of the enriched mixture allotted to the 1 st cavity is made to result in compressed 
self-ignition combustion according to invention according to claim 4, a great portion of combustion 
is generated near a top dead center or after it, the rate of a pressure buildup can be controlled, and it 
is effective in the ability to expand now a compressed self-ignition combustion zone to a heavy load 
side. 

[0024] Since the thin gaseous mixture allotted to the 2nd surrounding cavity by jump-spark-ignition 
combustion of the enriched mixture allotted to the 1 st cavity is made to result in compressed self- 
ignition combustion according to invention according to claim 5 While being able to generate a great 
portion of combustion near a top dead center or after it, being able to control the rate of a pressure 
buildup and being able to expand a compressed self-ignition combustion zone to a heavy load side 
Since jump-spark-ignition combustion of the enriched mixture allotted to the 1st cavity is carried 
out, it is effective in being controllable within limits which can control the rate of a pressure buildup 
for a self-ignition stage, and can secure combustion stability. 

[0025] According to invention according to claim 6, it is effective in the ability to perform easily 
allotting an enriched mixture to the 1st cavity and allotting thin gaseous mixture to the 2nd cavity by 
injection in a compression stroke. According to invention according to claim 7, it is effective in the 
ability to form an enriched mixture stably in the 1st cavity by considering as the configuration which 
injects a fuel in 2 steps or more within the same cycle, and making the fuel injection of the 2nd 
henceforth perform [ near the top dead center ] from the second half of a compression stroke. 
[0026] Since according to invention according to claim 8 an angle of spray is switched and a fuel is 
made to inject by to any of the 1 st and 2nd cavity a fuel is supplied, while being able to allot an 
enriched mixture stably by the inside of the 1st cavity, the fuel penetrating power of spray becomes 
weaker, and it is effective in becoming possible to reduce the wall surface coating weight of a fuel 
because an angle of spray can extend when making the fuel supplied in the 2nd cavity inject. 
[0027] It is effective in becoming possible to reduce the wall surface coating weight of the fuel at the 
time of making the fuel which diffusion of the enriched mixture in the 1 st cavity is controlled, and 
can be made to perform combustion by which the enriched mixture in the 1 st cavity was stabilized, 
and is supplied in the 2nd cavity by strengthening of the swirl flow in a cylinder inject according to 
invention of claim 9 and ten publications. 
[0028] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on 
drawing below. Drawing 1 shows the gasoline engine of the direct injection in a cylinder with which 
this invention is applied. In this drawing 1 , an engine's 1 combustion chamber 2 is formed of a 
cylinder 3, a piston 4, and the cylinder head 5. 

[0029] An intake valve 7 is infixed in the suction port 6 which is open for free passage to said 
combustion chamber 2, and the exhaust air bulb 9 is infixed in the exhaust air port 8 which is 
similarly open for free passage to a combustion chamber 2. Said cylinder head 5 is formed in an 
abbreviation flat, and the fuel injection valve 10 which injects a fuel towards cylinder shaft 
orientations is formed in the center of abbreviation. Moreover, an ignition plug 1 1 is formed in the 
said about ten fuel injection valve cylinder head 5 that jump spark ignition of the gaseous mixture of 
fuel injection valve 10 directly under should be carried out. 

[0030] The 1st cavity 41 and the 2nd cavity 42 are formed in the crestal plane of said piston 4. 
Focusing on the crestal plane of a piston 4, said 1st cavity 41 is formed in the shape of radii so that 
(referring to drawing 2 ) and a base may become deep by circular opening in a core. Moreover, said 
2nd cavity 42 is an annular cavity formed in the perimeter of said 1 st cavity 41 concentric circular 
(refer to drawing 2 ), and is constituted by the base which becomes it is deep and circular from said 
1st cavity 41 on the cross section of the direction of a path. 

[0031] The septum 43 which separates said 1st cavity 41 and 2nd cavity 42 is formed so that it may 
become lower than the even piston crestal plane near the cylinder wall. The engine control unit 
(henceforth ECU) 20 which controls the injection quantity and fuel injection timing by said fuel 
injection valve 10, and the ignition timing by the ignition plug 1 1 By which combustion system of 
compressed self-ignition combustion and jump-spark-ignition combustion, operation By the 
combustion pattern judging section 21 which judges whether it carries out according to a service 
condition, the jump-spark-ignition combustion control section 22 which controls said fuel injection 
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valve 10 and ignition plug 11 at the time of jump-spark-ignition combustion, and the self-ignition 
combustion control section 23 which controls said fuel injection valve 10 and ignition plug 1 1 at the 
time of compressed self-ignition combustion It is constituted, 

[0032] As shown in drawing 3 , said combustion pattern judging section 21 is a configuration which 
distinguishes a combustion system based on the engine load T and engine-speed N (rpm), judges a 
low Naka load and a low middle turn field as a compressed self-ignition combustion zone, and 
judges the other heavy load and quantity rotation field to be a jump-spark-ignition combustion zone. 
In addition, although said combustion pattern judging section 21, the jump-spark-ignition 
combustion control section 22, and the self-ignition combustion control section 23 can be constituted 
from a hard- wired logical circuit, they are realized as a program of a microcomputer with this 
operation gestalt. 

[0033] Here, if judged with it being a jump-spark-ignition combustion zone in said combustion 
pattern judging section 21, as shown in drawing 4 , an inhalation-of-air line will be carrying out 
whole-quantity injection of the need fuel quantity at a time from said fuel injection valve 10, and, as 
for said jump-spark-ignition combustion control section 22, will form the gaseous mixture of 
homogeneity in inside at a combustion chamber. And in the ignition timing in front of a top dead 
center, ignition combustion of said uniform gaseous mixture is carried out by jump spark ignition of 
an ignition plug 11. 

[0034] On the other hand, if judged with it being a compressed self-ignition combustion zone, said 
self-ignition combustion control section 23 will control the injection quantity and fuel injection 
timing by said fuel injection valve 10 [ near the top dead center ] in order to allot the enriched 
mixture 17 near SUTOIKI (theoretical air fuel ratio) to said 1st cavity 41 and to allot the gaseous 
mixture 18 thinner than SUTOIKI to said 2nd cavity 42 (refer to drawing 5 ). 
[0035] As shown in drawing 4 , in the inside load field of a compressed self-ignition combustion 
zone, first, an inhalation-of-air line makes the 1st fuel injection perform in the first half of a 
compression stroke from the second half, and, specifically, the thin gaseous mixture 18 of whenever 
[ low stratification ] is formed in the field applied to the outside of the 2nd cavity 42 to the 2nd 
cavity 42 by this injection. The 2nd fuel injection is made to perform by the low flow rate from the 
1st time [ near the top dead center ] after the 1st above-mentioned fuel injection from the second half 
of a compression stroke, and the enriched mixture 17 near SUTOIKI (theoretical air fuel ratio) is 
formed in said 1st cavity 41 by these 2nd fuel injection. 

[0036] And the enriched mixture 17 near [ which is allotted to the 1st cavity 41 ] SUTOIKI 
(theoretical air fuel ratio) is burned with spark ignition by the ignition plug 11, and the gaseous 
mixture 18 thinner than SUTOIKI allotted to the 2nd surrounding cavity 42 is made to result in 
generation of heat by this combustion behind a top dead center at compressed self-ignition 
combustion. Moreover, in the low loading field of a compressed self-ignition combustion zone, first, 
the 1st fuel injection is made to perform in the second half of a compression stroke from the first half 
of a compression stroke, and the thin gaseous mixture 18 of whenever [ high stratification ] is formed 
in the 2nd cavity 42 by this injection. 

[0037] The 2nd fuel injection is made to perform by the low flow rate from the 1st time [ near the 
top dead center ] after the 1st above-mentioned fuel injection from the second half of a compression 
stroke, and the enriched mixture 1 7 near SUTOIKI (theoretical air fuel ratio) is formed in said 1 st 
cavity 41 by these 2nd fuel injection. And the enriched mixture 17 near [ which is allotted to the 1st 
cavity 41 ] SUTOIKI (theoretical air fuel ratio) is burned with spark ignition by the ignition plug 1 1, 
and the gaseous mixture 1 8 thinner than SUTOIKI allotted near [ 2nd cavity 42 ] a perimeter is made 
to result in generation of heat by this combustion behind a top dead center at compressed self- 
ignition combustion. 

[0038] as mentioned above, the thing for which the enriched mixture 17 near SUTOIKI is burned by 
jump spark ignition behind a top dead center — this — if it is the configuration of making the thin 
gaseous mixture 18 resulting in compressed self-ignition combustion by generation of heat of 
gaseous mixture 1 7, a great portion of combustion will occur at the period after a top dead center, 
namely, homogeneity — gaseous mixture — when carrying out compressed self-ignition combustion 
at a place, and the conditions of a pressure and temperature are ready near a top dead center, self- 
ignition will be carried out all at once, an ignition stage cannot be delayed, but if it is the 
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configuration of making the thin gaseous mixture 18 resulting in compressed self-ignition 
combustion in generation of heat by combustion of an enriched mixture 17 as mentioned above, the 
stage of self-ignition is delayable from a top dead center. 

[0039] And the rate of a pressure buildup in the cylinder leading to knocking is controlled, and a 
compressed self-ignition field can be made to expand to the heavy load side whose demand of fuel 
quantity increases because an ignition stage is overdue as shown in drawing 6 . Moreover, although 
the inclination in which whenever [ part cylinder internal temperature / whose heat release 
increases ] goes up as shown in drawing 6 , and an ignition stage carries out a tooth lead angle more 
is shown when whenever [ cylinder internal temperature / which influences a compressed self- 
ignition stage ] receives effect in the residual gas in a cylinder and a self-ignition stage carries out a 
tooth lead angle once As mentioned above, by burning the enriched mixture 1 7 near SUTOIKI by 
jump spark ignition If it is the configuration of making the thin gaseous mixture 1 8 resulting in 
compressed self-ignition combustion, a self-ignition stage can be controlled through a jump-spark- 
ignition stage, and as shown in drawing 7 , it will become possible to control a self-ignition stage 
within narrow limits which are in a knocking limitation and can secure combustion stability. 
[0040] By moreover, the thing considered sis the configuration which forms a fuel injection valve 10 
so that the 1st cavity 41 may be formed in the center of a piston crestal plane, and the 2nd cavity 42 
may be formed in the perimeter and a fuel may be injected towards cylinder shaft orientations in the 
center of a cylinder The enriched mixture 1 7 is allotted and stopped to the 1st cavity 41, and 
stratification-ization of the gaseous mixture which allots the thin gaseous mixture 1 8 to the 2nd 
surrounding cavity 42 can be performed easily. The rate of a pressure buildup can be controlled 
certainly that what is necessary is just to supply the minimum fuel which carries out sufficient 
generation of heat for making the thin gaseous mixture 18 result in compressed self-ignition 
combustion to the 1st cavity 41 . 

[0041] In addition, compressed self-ignition combustion of the enriched mixture 17 allotted to said 
1st cavity 41 can be carried out, and although considered as the configuration which carries out jump 
spark ignition to the enriched mixture 17 near [ which is allotted to said 1st cavity 41 ] SUTOIKI 
(theoretical air fuel ratio), it can also constitute from an above-mentioned operation gestalt so that 
the thin gaseous mixture 1 8 may be made to result in compressed self-ignition combustion in 
generation of heat by this combustion, the above-mentioned case — homogeneity, although it 
becomes possible to be able to delay a great portion of combustion and to control the rate of a 
pressure buildup by this compared with the case where compressed self-ignition combustion of the 
gaseous mixture is carried out all at once If it is the configuration to which jump spark ignition of the 
enriched mixture 17 allotted to said 1st cavity 41 is carried out, since it is possible to control the self- 
ignition stage of thin gaseous mixture possible [ delaying a self-ignition stage more ], the self- 
ignition combustion stabilized more can be made to perform. 

[0042] By the way, although it considered as the configuration which makes a fuel inject in 2 steps 
within the same cycle with the above-mentioned operation gestalt in order to allot the 1st cavity 41 at 
the enriched mixture 17 near SUTOIKI (theoretical air fuel ratio) and to allot the gaseous mixture 18 
thinner than SUTOIKI to the 2nd cavity 42, it is possible to also make only one injection in a 
compression stroke generate gaseous mixture 17 and 18. 

[0043] That is, if a fuel is injected in a compression stroke, while the fuel spray will collide with the 
1st cavity and an enriched mixture 17 will collect on the 1st cavity 41, it is possible for the thin 
gaseous mixture 1 8 to make it form in the 2nd surrounding cavity 42 by diffusion from the 1 st 
cavity, however, the direction considered as the configuration which makes a fuel inject in 2 steps — 
the gaseous mixture of whenever [ high stratification ] — it is stabilized and formation can be 
performed. 

[0044] Moreover, in the configuration which makes a fuel inject in 2 steps, an angle of spray can be 
switched by the 1st injection and the 2nd injection using the fuel injection valve which can switch an 
angle of spray as a fuel injection valve 10. Drawing 8 is drawing showing the configuration for 
switching an angle of spray in a fuel injection valve 10. 

[0045] Drawing 8 is the expanded sectional view of the nozzle body part of a fuel injection valve 10, 
and a needle valve 1 03 is supported movable in the vertical direction by a diagram at cylindrical 
centrum 102a of the nozzle body 102 in the air with which opening of the nozzle hole 101 is carried 
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out at a tip. Said needle valve 1 03 is that a tip sits down to sheet surface 1 01 a of the shape of a 
earthenware mortar formed in the opening edge by the side of the interior of a nozzle hole 101, if a 
lift is carried out to the upper part by a diagram with the actuator which does not blockade and does 
not illustrate a nozzle hole 101, a nozzle hole 101 will be opened, and the fuel supplied through the 
fuel-supply way 104 which is open for free passage to said cylindrical centrum 102 is injected. 
[0046] Moreover, a nozzle hole 101 is penetrated from the tip of said needle valve 103, and the disc- 
like needle- valve umbrella 105 is supported by the needle valve 103 and this alignment at the tip of 
the supporter material 105 of the shape of a rod prolonged even in the exterior of a nozzle body 102. 
In the above-mentioned configuration, when the amount of valve lifts of the needle valve 103 at the 
time of fuel injection is large, since said needle-valve umbrella 105 becomes far [ an angle of spray 
becomes large, and ] from a nozzle hole 101 when the amount of valve lifts is small conversely in 
order that said needle-valve umbrella 105 may approach by the nozzle hole 101, an angle of spray 
becomes small. 

[0047] As mentioned above, in the fuel injection valve 10 of a configuration of being shown in 
drawing 8 , an angle of spray can be switched by changing the amount of valve lifts. Then, enlarge 
the amount of valve lifts, a fuel is made to inject with an extensive angle of spray, the amount of 
valve lifts is made small in the 2nd injection of a low flow rate for forming an enriched mixture in 
the 1st cavity 41, and a fuel is made to inject by ******** i n the configuration which makes a fuel 
inject in the 2 above-mentioned steps in the 1st injection for forming thin gaseous mixture in the 2nd 
cavity 42. 

[0048] If an angle of spray is narrowed in the injection for forming an enriched mixture in the 1 st 
cavity 41 If an angle of spray is made large in the injection for forming thin gaseous mixture in the 
2nd cavity 42 while it can be stabilized and a local enriched mixture can be made to form from the 
ability of a fuel to be intensively injected towards the 1st cavity 41 Thin gaseous mixture can be 
made to form in the 2nd cavity 42 of the piston crestal plane circumference, reducing wall surface 
coating weight, since the fuel penetrating power of spray can weaken. 

[0049] However, as indicated by not the thing to limit to the configuration using a needle- valve 
umbrella as showed the configuration for switching an angle of spray to drawing 8 but JP,2000- 
145584,A, you may be the configuration of changing an angle of spray and a fuel spray travel by 
changing the volume of the swirl room which the opening area of the swirl hole which equips a 
nozzle body with a swirler and is formed in this swirler, and said swirl hole open for free passage 
according to the amount of lifts of a needle valve. 

[0050] Moreover, since diffusion of the fuel which can equalize the gaseous mixture allotted to the 
2nd cavity 42, and is arranged on the 1st cavity 41 by strengthening the swirl flow by the inhalation 
of air in a cylinder can be controlled, as shown in drawing 9 , the stability in self-ignition combustion 
can be increased. Therefore, it is desirable to add the configuration which strengthens swirl flow to a 
suction port 6, and there are a configuration using the helical port shown in drawing 10 and a 
configuration using the swirl control valve (rectification valve) shown in drawing 1 1 as a 
configuration for strengthening swirl flow. 

[0051] With the configuration shown in drawing 10 , while arranging a fuel injection valve 10 and an 
ignition plug 1 1 focusing on a cylinder, it has two suction ports 6a and 6b and two exhaust air ports 
8a and 8b. And it has considered as the helical port which has the effectiveness of generating a swirl 
for suction-port 6a of said two suction ports 6a and 6b. Moreover, although it has two suction ports 
6a and 6b and two exhaust air ports 8a and 8b like the configuration shown in drawing 10 with the 
configuration shown in drawing 1 1 while arranging a fuel injection valve 10 and an ignition plug 1 1 
focusing on a cylinder, two suction ports 6a and 6b are straight ports, and make the swirl control 
valve 201 have infixed in one suction-port 6a. 

[0052] If the above-mentioned swirl control valve 201 is closed at the time of a low Naka load, it 
will become the inhalation-of-air flow which carried out eccentricity by inhalation of air being made 
only from suction-port 6b of another side, and swirl flow will be strengthened by this. At the time of 
a heavy load, said swirl control valve 201 is opened and reservation of required inspired air volume 
is aimed at. In addition, with each above-mentioned operation gestalt, although the configuration of 
the cylinder head 5 was made into the flat, as shown in drawing 12 , it is good also as a PENTO roof 
configuration, and the configuration of the cylinder head 5 is not limited, for example. 
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* NOTICES * 

iTPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] An internal combustion engine's block diagram in an operation gestalt. 

[Drawing 2] The plan showing the cavity of a piston crestal plane in the above-mentioned internal 

combustion engine. 

[Drawing 3] Drawing showing the self-ignition combustion zone and jump-spark-ignition 
combustion zone in an operation gestalt. 

[Drawing 4] Drawing showing the injection timing in an operation gestalt. 

[Drawing 5] The state diagram showing the formation condition of the gaseous mixture in an 

operation gestalt. 

[Drawing 6] The diagram showing correlation with a compressed self-ignition stage, a pressure, and 
a generating heating value. 

[Drawing 7] The diagram showing knocking and the correlation with combustion stability and an 
ignition stage. 

[Drawing 8] The point expanded sectional view of a fuel injection valve showing the configuration 
for switching an angle of spray. 

[Drawing 9] The diagram showing correlation with a swirl ratio and combustion stability. 
[Drawing 10] Drawing showing an operation gestalt equipped with a helical port. 
[Drawing 1 1 ] Drawing showing an operation gestalt equipped with a swirl control valve. 
[Drawing 12] Drawing showing the operation gestalt which made the configuration of the cylinder 
head the PENTO roof. 
[Description of Notations] 

1 — Internal combustion engine 

2 - Combustion chamber 

3 - Cylinder 

4 — Piston 

5 — Cylinder head 

6 — Suction port 

7 — Intake valve 

8 — Exhaust air port 

9 — Exhaust air bulb 

10 — Fuel injection valve 

11 — Ignition plug 

20 -- Engine control unit (ECU) 

21 — Combustion pattern judging section 

22 — Jump-spark-ignition combustion control section 

23 — Self-ignition combustion control section 

41 — The 1st cavity 

42 » The 2nd cavity 
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[Drawing 2] 




[Drawing 4] 
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[Drawing 6] 




[Drawing 7 ] 




[Drawing 9] 
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[Drawing 11] 
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*8»*ltftfftoli-. £©2g@©MS£H«ltKJ;oTffirfS 
4 lfc* h-f* <SS&£«5tfc) ttifi©ig 
7£J§5fiST&., 
[0 0 3 6] LT. ±9EAttlC. + Kf-f 4 1 

fcB*n*XH-f* (9tt£4RJt) tt«£©«V»fi£« 1 
7&&X-77>?\ l\z&ZX1£MX\z&r)mi&2i*:* m 
JMfcfc J: Si©l2*t fc?^ 4 2CS3tl 

ftXh-f+JcOfcW^fi**! 8*fffigaS«j>c*!S«ltc 
M£>L£>*. EE*taB5£**8Sfe<g«©«£ffiffi« 

&B<ommm&ftt>-&. c<D^\z^om2^^^ 

-f4 2C. ftj£JME«>Wfr>a6ft 1 8 
[0 0 3 7] ±GlgSOftttiftftt0& ffiKrfr8«¥ 
3fl»6±5Ejftifi»fc*V>T. I«a«fc0 2 «S 

gssi tf-f 4 i h-r* (9ttffi«Jt) #ifi© 

Wr»«£« 1 7 fLT, ±9EjA«C. US X 

*ttr^ 4 UciE^tlSX h-f * (Slfe£«8J£> #iS 

-f 4 2#ifitBB*n-5X h'f*«fcOt>*^il^l 8^ 

[0 0 3 8] ±B©J:3fc, X h'f+jg^OSV^ig'&M 
l 7 4±5E^icjk^iktc«koT*8jKl$-&*c:£fc«fc 
0, KiS^Ml 7©^fc«koT»Vi®^l 8*ff|g 

t^. ±EOi5C, »V»S^ftl 7©j68«6{c«fc«^ 
[0 0 3 9] tUT, @ 6 iZ^m *> K. »j«Cl«M«tS 

fB©«fc5C. XK-f*i5fil<DjgUil^mi 7&X1Z&X 
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[0 0 4 0] St, trx h>s®<o4>*fcmi t*^ 

^41, ^©J5HK:Sii2*vfc:^ 4 2£gW, ^-P. 

S«A 17$Il+t t'TV 4 1 ClHbT@*T*3#. 
i^lMl 8£JiaH©MI2**t:*^ 4 2tgS-r«»S 
^Sv©J«JIte#^K:fT*.. »v>M£!?U 8£JESg£e 

[0 0 4 1] ft. -tfBSHJSfl^Tte, t&fBJg 1 *v Kf 
-< 4 1 fCffi^tt-SX hf* (Sfi£«Sit) ttifi©ig^iS 
^ 1 7 fc^SjAcTSfltfiJct S5§B^ 1 tf 

7^ 4 1 fcffiS*lS»lr»fi** 1 7 *JEffiga»^«S^ 20 

mibis i e-^-f 4 i »cia*n*»«r»aft« 1 7 
[0042] tci^T, ±B*is»tB-ett. ii+tt 

7KIHU I2*t IfT-w 4 2 fcX h-f +£9 feSSV^S 
£*U 8 H-*<j?A'rtT2iafc»tt 

«&©#.»::£ oT, fi&ftl 7, 1 8 <D£fi££?Tfc-a-5 

[0043] m%, mmffmttzmw&m&i'titii. m 

l:S^£^i 7*«S*a— ii*ttf-f*>effl 40 
8^fi£^-ti--&Cl£*tprffiTfe-5. fib. 

[0 0 4 4] 1 0iLT««A*fflt) 

tt&iftliSttS*lj£K:«t>T. l|51B©<S#t<»:2lElS© 
*St £9J 0 i^x -5 «fc v \Z-T -5 H <h*<T€r -5. 

0 811 ttftm^l 0tC*^T"SSAS:«)0tfeiL-5fc 
«&©#tfiS£^-f 50 
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[0045] Bsti. ttfMlt#i ora/x^M^-rSB 

*£©y XVi/#-5V 1 0 2©P3fgtt<t>£gBl 0 2 alC. 
BtNP 10 314, *a l o l a>AffMe>Ha«llcjPrie$ 

*v5-roiw*©->— hffii o i a\z9ct&tfmm-rz>z.t 

T, «R1 0 1 SBIg-rS'bWtf&D. 0*b£U>7* 
j>C±oTHT±*i:U 7 h-TStigTL 10 1 

«tn^n. jMtenwftf^sisi o 2tcx9-r«iNm{Kig 
bi o 4*^bT««&*n5*s^'ei**tis. 

[0 0 4 6] ifc, MBHft 103 ©SteSS** fcift?L 1 0 
1 i^IIUT, ;XMt-{ 1 0 2<D^gRfC*T*My:2) 
*M*©£»*»1 0 5©5tS^IC«, *f-#l 0 
PJ SSI* ©£!-#*?* 1 0 5#t:£tt3nTt>S. ±fB«^{C*5 
t»T, ^««^F©tf# 1 0 3 ©/Vl^y 7 hBtf*« 
tMfB£H*M*l 0 5*t*?Ll 0 1 tcfcOifio* 

< fc»icifti§ft#t*s < ft o , asc A;i/^y ^ hm& 
/hs^s^tctt, wtsb»#*i o 5*«ft?Li o 

[0 0 4 7] ±fB©«fc5lC. H 8 £a*rttj£0jftttifttt 
# 1 0 Kfc^TH ;^ij7Ht«KStt«CtT 
SSftt-«»)M5ui^Tt5. 1E0 2B 

•<42 (C»l/iS^*^-r5/t«e>© 1 lei g ©"Sit «C*5 

•tsu, m i try* 4 i »c*^s**;*#ris-rsfc 
««)©2iHis©<£jsa©<sst{'*tiTtt, A;p7U7h» 

[0 0 4 8] gl+tkr^ 4 1 K»^fi^!a*»jS-r 

sjtJ6©"Si*fc*^Tift»A*»<-rn«, si+tt: 

lClftIJt«+Wfc*»ti«t"Tr**Ci:36»6, A 

h >S®il>a©m 2 4 2 IC»V)S6ft««jft 

£ it -5 d -5. 

[0 0 4 9] fib, «g|^i^«0«^.-5fc«?)©«l^*, 
S8fC^bfc«fc'5)a:»#*Srffl^-5«l«CIS3£-rSfc© 
X'\tU< . Mx-tt&m 2000-14558 4n'Amz 

xv-7\zmf8.2tiz*'7-)i>ji<omamw.K.zfMtZ7> 

[0 0 5 0] >U >^JC*5t-tSffi:^fC«tS7.'7 

-j|/*n*aiYb-rsi:£T. i2^ttr-f 4 2lclBf 
s«g^msr^-lk-e^, Sl*ttr^4 1l;S 
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juTfi-b&m^zmfc^. mi 1 iz^-r^u— ;i<=i>h 

[0 0 5 1] 010 IC^-T«figT«. -> 'J >y<p i>\z& 

mmftfti ox.zt&<x7??i i £iH-r*-^ 2^>«> 

Ka#-h6a, 6bRiy:2^0ig5)?-h8a, 8 b 
£iil^.<£>. fit, SaiB2-^0DKa#— h 6 a, 6bffl 
P*©il#-h6a*, X9-MMSt5jaM 10 
#-r-5AiJ*;U#-h.tLTSS„ Sfc, 0 1 licit 
«^T'«, 01 0K*L7t#tJ5&<!:IW;:, xU>^6 
tC^tl*#l ORM^^l lSrgE-r-5— ^. 2 
^CD8H^#- h 6 a, 6b&^2dOi^-h8a, 
8b$iA5!i5, 2 -O CD ©^,5}?— h 6 a, 6bfctXhU 
-h#-h-e*0, — ^rCOK^- h 6 afC7.«7-JPn 
> h U-)Vrt)V72 0 1 Sr^^-ttTifc-S,, 
[0 0 5 2] ±mz.7—)Vn>bn—)U/Vl>'72 0 1 £ 

fetpfkffimzmtzt. mj5<D\&m#-h6 b<z><*.*>e. 

7, r 7—)Vn>hu—)Vrt)V?2 0 1 £Ml^Ti&5&©m 

immommumw] 

[01] 5WS^®C*5ttS^m^gi«*^0. 
[0 2] ±fBftj8$t&MK;fe^Tfcrx b>&ffi<D*v 
A £Srt±M0= 30 
[0 3] $ffi«?ttiC*l*S3£**tttt«*&*££* 

^®«<h€^-r0. 

[04] *ig^istc*5ttsti*^<s>y**-r0. 



[0 2] 
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[0 5] ^mMm\z&vzm£n.<DMi$.ftm*:m-rvtm 
0. 

[0 6] JE«gge*J*cf^»iiJE^&^^»t(DffiM 
SriT^0. 

[0 7] /-> + >^S^«S^it«<i:«^»it<Dffi|| 
$^TIS0. 

[0 8] msn&mQi&zziztbvmtft&iKTm&mftt 

#<z>$fcS8gBt£;*:»rB0. 
[0 9] X"7-;UJttj8S«E^Kt©ffili**-r^0. 

[010] ^v*)\s#-h&ffiz.z>nmMm&7K-tm. 

[011] 7,V—)l>-JiyYu-)V;W7$:ffi^Z,$kmM 

m^mtm. 

[012] x'J/^7H«H>hJl'-7tLfc 
*i6^|g«ri-r0. 

[«F^roi5iB^] 

1 

2- mmm. 

3— 5^U >^ 
5— >U >?*\*j H 

7 — 

8 h 
9 

l O-BMtlt* 

1 l -OJc^if 

2 0-I>y>3>ho-JPar7h (ECU) 
2 1 

2 2-^^ittMf)« 
2 3-g5»jk«BMCf»ff 
4 

4 2-i2*tHf-f 



[04] 




>4 

( 8 ) t#B8 2 002-188447 



[01] [03] [05] 




[0 6] [0 7] 




0 *&—A4t iS 
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(51)Int.Cl. 7 

F 0 2 B 31/02 

F0 2D 41/02 
41/38 
41/40 

F 0 2 F 3/26 
F0 2M 61/14 
61/18 



3 5 1 



3 10 
3 6 0 



F I 

F0 2B 31/02 

F 0 2 D 41/02 
41/38 
41/40 
F 0 2 F 3/26 
F0 2M 61/14 
61/18 



c 
J 

3 5 1 

B 
D 
A 

3 1 0 D 
3 6 0 J 



(72)^HJ# S 



F^ — 3G023 AA01 AA06 ABO 3 ABO 6 AC05 
AD 02 AD06 ADO 7 AD29 AG01 

3G066 AA02 AA03 AB02 AD12 BAOO 
BA01 BA22 CC14 CC34 CC43 
CC48 DA04 DA08 DB06 

3G301 HA01 HA04 HA16 JA21 JA22 
KA06 KA23 LAOS LB04 MAI 8 
MA27 NEll NE12 PA17A 
PE01A 



